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DISCLAIMER

This document was prepared as an account of work sponsored by an agency
of the United States Government. Neither the United States Government
nor the University of California nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represerits that
its use would not infringe privately owned rights. Reference herein to any
- specific commercial products, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement recommendation, or favoring of the United States
Government or the University of California. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the
United States Government or the University of California, and shall not be
used for advertising or product endorsement purposes.
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I. BACKGROUND

Highly organized structures on a surface can be used to produce a high
degree of abrasion resistance. A compliant coating can be made out of
hard, brittle ceramics by embedding them as high aspect ratio fibers
into the surface to be protected. This hairlike coating then provides
substantial impact and abrasion resistance in an easily fabricated

surface.

Fabrication procedures and optimization of the structures will now be
investigated. The use of a number of different fiber and matrices to
achieve structures compatible with different temperature ranges will be
undertaken. The resulting materials will be tested for abrasion and
impact resistance over a range of loads. Highly dense structures will
be used to maximize the strength of the base composite.

II. PRIOR AND CURRENT ACTIVITIES

The continuing optimization effort is being carried out to optimize the
length, orientation, packing density and buried fraction. Composites is
being examined microscopically, tested for adhesion and bending fracture.
Assembled test pieces is being checked for abrasion resistance using
sandblasting and bead blasting in various orientations and various
particle sizes. A number of different fiber materials is being examined.
These include carbon/graphite fibers in a polymer matrix, nickel coated
graphite fibers in high purity aluminum and alumina fibers in alumina
and steel. Zirconium oxide fibers in a cast alumina matrix can be used
as a high temperature ceramic model system. Experimental quantities of
alumina and zirconia fibers have been secured.

For initlal proof of concept, carbon fibers were partially embedded in
epoxy resins. This procedure gave us the option of controlling the

fiber packing density and the length of exposed nap. Once the optimum
packing density and length of nap were established, the MCI Company was
able to perform a squeeze cast metal intrusion experiment to provide us
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with an aluminum/carbon fiber specimen.
produce an aluminum plate with embedded carbon fibers.
then be rolled or formed into a cylinder or pipe to be open at both ends

and sealed along the seam by laser or electron beam welding.

III. FUTURE ACTIVITIES

Future efforts will be directed simultaneously toward the development

MCI is presently attempting to
This plate will

of a more reproducible ceramic fiber and casting techniques and the
advancement of the carbon/graphite fiber with various coatings and

different metal matrices.

We look forward with great optimism to the application of this

technology in the development and mass production technology of impact
In addition, we foresee the

development and fabrication of slurry pipelines for coal transportation

resistant jet engine turbine blades.

and overcoming the severe conventional constraints on existlng

structural materials.

Milestone Schedule

Development of systematic, adjustable
fabrication procedures.

Optimization of composition and geometry.

Development of ceramic fiber/ceramic
matrix model. Final selection of material

Development of engineered prototype coatings.

Detailed performance studies.

Technology transfer.

Proposed Schedule
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